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NEAR-FIELD INTERACTION CONTROL 
ELEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Application No. 2006 
160063, ?led Jun. 8, 2006, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a control element for a 

near-?eld interaction betWeen particles. 
2. Description of the Related Art 
Information transfer means have sequentially adopted light 

as a medium starting With long-distance communication. The 
prevalence of optical communication has shifted from infra 
structures to ?ber to the home (FTTH). Optical information 
communication is expected to be sequentially adopted for 
inter-device applications, inter-board applications, inter-chip 
applications, and intra-chip applications in the future. HoW 
ever, it is di?icult to con?ne light in an area With a siZe equal 
to or smaller than its Wavelength because of diffraction limit. 
Thus, a special technique is required to form an optical ele 
ment betWeen chips or in a chip. 
Known techniques for controlling light in a very small area 

use near ?elds (micro-dot arry), plasmons (JP-A 2003 
207667 (KOKAD), or excitons (JP-A 2004-157326 (KO 
KAI)). 

Development of nanophotonics functional elements has 
just been started, and a large number of near-?eld functional 
elements need to be researched and developed. Of particular 
concern is the control of a near-?eld interaction as Well as a 
variation in a dielectric constant (the dielectric constant in the 
frequency range of light, i.e., refractive index) of a micro 
substance Which causes an interaction to excite a near-?eld. 
HoWever, no conventional techniques can signi?cantly con 
trol the dielectric constant, and various techniques are 
expected to be developed. 

BRIEF SUMMARY OF THE INVENTION 

According to an aspect of the present invention, there is 
provided a near-?eld interaction control element comprising: 
a near-?eld optical Waveguide containing particles formed of 
a metal, a metal anion or a metal cation With a diameter of 0.5 
nm or more and 3 nm or less and a dielectric constant of —2.5 

or more and —l.5 or less; an electron injector/discharger 
injecting or discharging an electron into or from the particles 
contained in the near-?eld optical Waveguide to vary a dielec 
tric constant of the near-?eld optical Waveguide; a near-?eld 
light introducing part introducing near-?eld light into the 
near-?eld optical Waveguide; and a near-?eld light emitting 
part emitting the near-?eld light having guided through the 
near-?eld optical Waveguide. 

According to another aspect of the present invention, there 
is provided a near-?eld interaction control element compris 
ing: a near-?eld optical Waveguide containing particles 
formed of a substance Which exhibits a phase transition from 
an insulator phase to a metal phase in response to irradiation 
With light, magnetic ?eld change or temperature change, and 
With a diameter of 0.5 nm or more and 3 nm or less and a 

dielectric constant of —2.5 or more and —l .5 or less When they 
are subjected to the phase transition to the metal phase; a 
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2 
dielectric constant regulating part con?gured to exert irradia 
tion With light, magnetic ?eld change or temperature change 
on the particles contained in the near-?eld optical Waveguide; 
a near-?eld light introducing part introducing near-?eld light 
into the near-?eld optical Waveguide; and a near-?eld light 
emitting part emitting the near-?eld light having guided 
through the near-?eld optical Waveguide. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a graph shoWing dielectric constant dependence 
of a polariZability 0t of one particle; 

FIGS. 2A and 2B are diagrams shoWing the relationship 
betWeen the alignment of tWo particles and the polariZation 
direction of an optical electric ?eld, and near-?eld induced 
dipole moment coef?cients Apx and Apy in an x-direction and 
a y-direction; 

FIG. 3 is a graph shoWing the calculation of dielectric 
constant dependence of the absolute value of Apx; 

FIG. 4 is a graph shoWing the calculation of dielectric 
constant dependence of the absolute value of Apy; 

FIGS. 5A and 5B are a cross-sectional vieW and a plan 
vieW, respectively, shoWing the near-?eld interaction control 
element in Example 1; 

FIG. 6 is a plan vieW shoWing the near-?eld interaction 
control element in Example 3; 

FIGS. 7A and 7B are a plan vieW and a cross-sectional 
vieW, respectively, shoWing the near-?eld interaction control 
element in Example 5; 

FIG. 8 is a plan vieW shoWing the near-?eld interaction 
control element in Example 6; and 

FIG. 9 is a plan vieW shoWing the near-?eld interaction 
control element in Example 9. 

DETAILED DESCRIPTION OF THE INVENTION 

A detailed description Will be given beloW of near-?eld 
interaction control elements in accordance With embodi 
ments. 

The interaction of near-?eld light differs from that of 
propagating light. Assume that tWo particles are present close 
to each other. The particles have a diameter of 0.5 nm or more 
and 3 nm or less. The spacing betWeen the particles is equal to 
or smaller than the diameter of each particle. Forming par 
ticles of diameter smaller than 0.5 nm is dif?cult. Particles of 
diameter larger than 3 nm involve only a small variation in 
near-?eld interaction. It is knoWn that a near-?eld interaction 
neWly induced betWeen tWo particles is proportional to a 
polariZability P. The polariZability P neWly induced betWeen 
the tWo particles is proportional to the polariZability 0t of each 
particle. The polariZability 0t of each particle is expressed by 
the folloWing equation. Here, the damping item of decoher 
ence is neglected. 

(see T. Saiki andY. Toda, Optical properties in nano-scale 
materials, Ohmsha (2004)). 

In this equation, 6 denotes the dielectric constant of a 
particle, and “a” denotes a radius. FIG. 1 shoWs the dielectric 
constant dependence of polariZability of a particle. The ?gure 
shoWs that the assumption of absence of the damping item 
results in the divergence of the polariZability 0t at —2. 
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When tWo particles are present, irradiating one of the par 
ticles With light causes a near-?eld interaction betWeen the 
tWo particles. The near-?eld interaction increases the polar 
iZability P. The increase in polariZability P is expressed as 
near-?eld induced dipole moment coef?cients Apx and Apy in 
an x-direction and a y-direction on the basis of the relation 
ship betWeen the alignment of the tWo particles and the polar 
iZation direction of an optical electric ?eld as shoWn in FIGS. 
2A and 2B. 

FIG. 3 shoWs the calculation of dielectric constant depen 
dence of the absolute value of Apx. FIG. 4 shoWs the calcu 
lation of dielectric constant dependence of the absolute value 
of Apy. 
As shoWn in FIGS. 3 and 4, both Apx and Apy diverge 

signi?cantly When the particles have a dielectric constant of 
—2. Therefore, it is concluded that the interaction betWeen 
particles can be drastically changed by enabling the dielectric 
constant of the particles to be varied close to 2, speci?cally, 
Within the range of —2.5 or more and —1.5 or less. By the Way, 
a dielectric constant of a negative value indicates that the 
substance is metal. 
One of the methods for controlling the dielectric constant 

of a substance utiliZes a nonlinear optical effect. However, the 
nonlinear optical effect varies the dielectric constant by sub 
stantially 1% or less. This means that the dielectric constant is 
not virtually varied by the nonlinear optical effect. 

In contrast, for substances exhibiting coulomb blockade, a 
proposed method utiliZes injection or discharge of electrons 
to vary the electron orbit to signi?cantly vary the refractive 
index, that is, the dielectric constant of propagating light 
(JP-A 2005-156922 (KOKAI)). Further, besides the sub 
stances found to exhibit coulomb blockade, substances have 
been discovered Which vary the refractive index (i.e., the 
dielectric constant) of propagating light When subjected to 
similar electron injection. Examples of these substances 
include a combination of a cation of an element Whose elec 
tron shell of an occupied orbit is changed by electron injection 
and an acceptor, a metal chelate complex, and metallocene 
and its derivatives. With some of these substances, the refrac 
tive index (dielectric constant) varies by more than 1%, or in 
some cases, more than 10%. 

A variation in dielectric constant based on the above prin 
ciple Will be described in detail. An optical constant such as 
the dielectric constant is determined by the electron orbit of a 
substance. In particular, the optical constant is markedly 
affected by the outermost electron shell orbit. Accordingly, 
the dielectric constant can be greatly varied by a method for 
signi?cantly varying the electron orbit of the outermost shell. 

Description Will be given of substances for Which the out 
ermost shell electron orbit is markedly varied by electron 
injection. Quantum dots may be used in order to signi?cantly 
vary the state of the electron orbit by means of electron 
injection compared to the state before the injection. Quantum 
dots mean particles having a siZe in the order of nanometer or 
less as Well as discrete energy levels. Quantum dots may 
include organic molecules provided that they have discrete 
energy levels. Thus, the quantum dots may be metal nanopar 
ticles, semiconductor nanoparticles, or organic molecules. A 
typical material for the quantum dots is at least one nanopar 
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4 
ticle material selected from the group consisting of metals 
such as Cu, Au, Ag, Fe, Ni, Co, Zn, Cr, W, Ti, Al, In, Ir, Mn, 
Mo, Bi, and Pt; Si, Ge, Sn, Pb, and diamond; III-V compound 
semiconductors such as GaAs, AlAs, InAs, GaP, and InSb; 
and II-VI compound semiconductors such as ZnS, ZnSe, 
ZnTe, CdS, CdSe, and CdTe. OWing to their small siZe, the 
quantum dots exhibit a loWer state density than a bulk mate 
rial at each energy level. Each electron injected into the quan 
tum dots thus exerts a higher effect. Among the above mate 
rials, the metals involve the signi?cant dispersion of the 
refractive index and have a dielectric constant of close to —2 
in any of an ultraviolet Wavelength region, a visible Wave 
length region, and an infrared Wavelength region. The dielec 
tric constant may be close to —2 in any of a neutral state, an 
anionic state With an electron injected into the material, and a 
cationic state With an electron discharged from the material. 
In particular, for gold, silver and copper, surface enhanced 
Raman scattering (SERS) and tip enhanced Raman scattering 
(TERS) have been reported. This also indicates that gold, 
silver and copper exhibit a higher interaction betWeen the 
near-?eld and plasmon and a higher effect due to the interac 
tion. 
The strength of the near-?eld interaction can also be varied 

by use of a substance capable of taking a positive and negative 
dielectric constants and having a value close to —2 (—2.5 or 
more and —1.5 or less) When it takes a negative value. For 
example, substances can be used Which cause insulator-to 
metal phase transition in response to light irradiation, mag 
netic ?eld change or temperature change. Further, the char 
acteristics of metal result from the plasmon effect of free 
electrons. HoWever, metal nanoparticles With a smaller siZe 
fail to excite plasmons and thus tend to be insulating. Thus, 
nanoparticles having a siZe of less than 1 nm corresponding to 
the boundary betWeen the metal and insulator can cause phase 
transition such that particles in an insulator phase are changed 
into a metal phase by means of electron injection or particles 
in a metal phase are changed into an insulator phase by means 
of electron discharge. 

If dielectric constant of particles could be varied Within a 
range close to —2 (i.e., —2.5 or more and —1.5 or less) by use 
of any of the above substances, the interparticle interaction 
can be ef?ciently controlled to produce elements such as 
sWitches. 

Similar effects can also be produced by providing an elec 
tron inj ector/discharger corresponding to a part of a near-?eld 
optical Waveguide and varying the dielectric constant of the 
part of the near-?eld optical Waveguide to form a distribution 
or shape With a different refractive index by Which a near ?eld 
can be excited. In this case, as a material for the particles other 
than those described above, use may be made of at least one 
selected from the group consisting of oxides such as TiO2 and 
ZnO, and organic and inorganic molecules such as C60, car 
bon nanotube, ferrocene, nickelocene, Na2SO4, CH3COONa, 
CH3COOK, (COONa)2, CuCl, CH3COOAg, MgSO4, 
CaSO4, (COO)2Ca, ZnSO4, ZnCl2 and (COO)2Zn. 
Where metal particles are arrayed and exhibit a signi?cant 

interparticle near-?eld interaction, energy transfer, that is, 
information transfer, can be achieved by plasmons. Since the 
information transfer With plasmons is not in?uenced by dif 
fraction limit, unlike the case With light, thinner Wire can be 
used for the particular information transfer. In energy transfer 
With the arrayed metal particles, application of light to a part 
of the arrayed particles excites plasmons Which propagate 
energy. HoWever, What is transferred is the energy, but elec 
trons are not transferred though plasmon oscillation is estab 
lished. In other Words, a plasmon mode is set up in the arrayed 
particles (S. A. Maier et al., Phys. Rev. B 65, 193408 (2002); 
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S. A. Maier et. al., Adv. Mater., 13, 19, 1501 (2001); S. A. 
Maier et. al., Proceedings of SPIE, 4456, 22, (2001)). The 
array of particles is not limited to a one-dimensional one. The 
particles may be tWo-dimensionally, densely arrayed. 

EXAMPLES 

Examples of the present invention Will be described With 
reference to the drawings. 

Example 1 

Particles have a negative dielectric constant means that 
they are metal. HoWever, particles With a smaller siZe fail to 
excite plasmons to become dielectric. But then, if electron 
injection increases the number of electrons and electron 
repulsion increases the siZe of the electron orbit to generate 
plasmons, the dielectric constant changes from positive value 
to negative value to vary the interparticle interaction. 
A near-?eld interaction control element shoWn in FIGS. 

5A and 5B is fabricated. FIG. 5A is a cross-sectional vieW, 
and FIG. 5B is a plan vieW. An electrode layer 12 and an 
insulating layer 13 are formed on a substrate 11. A near-?eld 
optical Waveguide 14 is formed on the insulating layer 13. The 
near-?eld optical Waveguide 14 is composed of a SiO2 layer 
15 in Which tWo Ti particles 16, 16 are arrayed. Each of the 
particles 16, 16 has a diameter ofabout 0.8 nm, and the space 
betWeen the particles 16, 16 is about 0.5 nm. A near-?eld light 
introducing part 17 and a near-?eld light emitting part 18 are 
provided at both ends of the near-?eld optical Waveguide 14. 
The near-?eld light introducing part 17 and near-?eld light 
emitting part 18 are each formed of a planar Waveguide made 
of SiO2. The tip of the near-?eld light introducing part 17 is 
sharpened in the vicinity of one of the particles 16. The tip of 
the near-?eld light emitting part 18 is sharpened in the vicin 
ity of the other particle 16. An electron injector 19 is arranged 
above the near-?eld optical Waveguide 14. The electron inj ec 
tor 19 is an Au-coated cantilever of an atomic force micro 

scope (ATM). 
If electrons are injected from the electron injector 19 into 

the Ti particles 16, 16 in the near-?eld optical Waveguide 14 
by applying a voltage betWeen the electrode 12 and the elec 
tron injector 19, the dielectric constant of the particles 16, 16 
is changed closer to —2. When propagating light is guided 
through the near-?eld light introducing part 17, the propagat 
ing light is converted into near-?eld light at the tip of the 
near-?eld light introducing part 17. The near-?eld light 
excites one of the particles 16 to induce an interaction 
betWeen the particles 16, 16, so that the near-?eld light is 
transferred to the other particle 16. Then, the near-?eld light 
is emitted from the near-?eld light emitting part 18. 

Continuous-Wave laser light of Wavelength 632.8 nm is 
alloWed to enter the near-?eld optical Waveguide 14 through 
the near-?eld light introducing part 17. With the intensity of 
near-?eld light monitored Which is emitted from the near 
?eld light emitting part 18, a sinusoidal voltage of 50 kHZ is 
applied betWeen the electrode 12 and the electron injector 19 
in order to inject electrons into the near-?eld optical 
Waveguide 14. As a result, the monitored intensity of the 
near-?eld light is found to be modulated into a sinusoidal 
shape With the same frequency as the applied sinusoidal volt 
age. 

Example 2 

A near-?eld interaction control element is fabricated Which 
has the same structure as that in Example 1 except that the 
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6 
near-?eld optical Waveguide is formed of an SiO2 layer in 
Which ?ve Ti particles are arrayed at an equal space of 0.5 nm. 
When a similar experiment to that in Example 1 is carried out, 
a similar result to that in Example 1 is provided. 

Example 3 

FIG. 6 shoWs a plan vieW of a near-?eld interaction control 
element in Example 3. This near-?eld interaction control 
element has the same structure as that in Example 1 except 
that, instead of the electrode 12 and electron injector 19 in 
Example 1, an electron injector is constructed by arranging an 
aluminum electrode 21 having a ?at tip and an aluminum 
electrode 22 having a tip sharpened by a focused ion beam 
(FIB) apparatus so that the particles 16, 16 are sandWiched by 
the aluminum electrodes 21 and 22 in the plane Where the 
particles 16, 16 are located. When a similar experiment to that 
in Example 1 is carried out, a similar result to that in Example 
1 is provided. 

In a case Where an electron gun is used to inject electrons 
instead of providing a pair of electrodes, a similar result is 
also provided. 

Example 4 

A near-?eld interaction control element is fabricated Which 
has the same structure as that in Example 1 except that Au 
particles are used in place of the Ti particles in Example 1. 
When a similar experiment to that in Example 1 is carried out, 
a degree of modulation higher than in Example 1 is provided. 

In a near-?eld interaction control element using Ag par 
ticles inplace of the Ti particles in Example 1, a higher degree 
of modulation than that using the Au particles is provided. 

Example 5 

[Ni(chxn)2Br]Br2 [chxn:1R,2R-diaminocyclohexanedi 
amine] (S. IWai, Kotai Butsuri, 38, No. 10, 29 (2003)), and 
(EDO-TTF)2PF6 [EDO 
TTFIethylenedioxytetrathiafulvalene] (K. Onda et al., Jour 
nal of Physics: Conference Series 21, 216 (2005)) are mate 
rials exhibiting photo-induced phase transition, the dielectric 
constants of Which can be varied from a positive value to a 
negative value (close to —2) by irradiation With light. 
A near-?eld interaction control element shoWn in FIGS. 

7A and 7B is fabricated. FIG. 7A is a plan vieW, and FIG. 7B 
is a cross-sectional vieW. A [Ni(chxn)2Br]Br2 ?lm used as a 
near-?eld optical Waveguide 32 is formed on a substrate 31. A 
near-?eld light introducing part 17 and a near-?eld light emit 
ting part 18 are provided at both ends of the near-?eld optical 
Waveguide 32. A resist mask 33 is formed on the near-?eld 
optical Waveguide 32. Four circular openings 34 With a diam 
eter of 100 nm are arrayed betWeen the tip of the near-?eld 
light introducing part 17 and the tip of the near-?eld light 
emitting part 18. The space betWeen the tWo adjacent open 
ings 34 is 50 nm. 

Continuous-Wave laser light is alloWed to enter the near 
?eld optical Waveguide 32 through the near-?eld light intro 
ducing part 17, and near-?eld light emitted from the near-?eld 
light emitting part 18 is observed. In this condition, no output 
near-?eld light is observed. Then, the near-?eld optical 
Waveguide 32 is irradiated With pulsed laser light With a 
Wavelength of 800 nm, a pulse Width of 100 fsec and a cycle 
frequency of 80 MHZ through the openings 34 in the resist 
mask 33. As a result, a pulsed output of near-?eld light With a 
time Width of about 5 psec is observed corresponding to the 
cycle frequency of the pulsed laser light. 
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Similar effects are observed When (EDO-TTF)2PF6 is used 
in place of [Ni(chxn)2Br]Br2. 

Example 6 

FIG. 8 shows a plan vieW of a near-?eld interaction control 
element in Example 6. This near-?eld interaction control 
element has a plasmon Waveguide in Which a large number of 
Au particles 41 are tWo-dimensionally arrayed instead of the 
tWo Ti particles in Example 3. The plasmon Waveguide is 
formed by a sol-gel process using tetraethoxysilane, used as a 
material for a transparent matrix, as Well as HAuCl4.4H2O. 
Au particles 41 With an average particle siZe of about 2.5 nm 
are tWo-dimensionally arrayed in the plasmon Waveguide. 
The space betWeen the adjacent Au particles 41 is smaller 
than the diameter of the Au particle 41. Also With this near 
?eld interaction control element, modulation of light transfer 
in response to application of an electric ?eld is observed. 

Example 7 

7»-(BETS)2FeCl4 [BETS :bis(ethylenedithio)-tetraselena 
fulvalene] is a metal at room temperature but exhibits a phase 
transition at 8K (absolute temperature) or loWer to become an 
insulator (L. Brossard et. al., Eur. Phys. J. B 1, 439 (1998)). 
Then, application of a magnetic ?eld of 10 Tesla or more 
causes a phase transition from the insulator to the metal. To 
take an advantage of these characteristics, a near-?eld inter 
action control element is fabricated Which has a similar struc 
ture to that in Example 6 except that use is made of a plasmon 
Waveguide formed of Water glass in Which 7»-(BETS)2FeCl4 
crystals are dispersed. In this near-?eld interaction control 
element, light transfer is ob served at room temperature, but it 
is lost at 8K or loWer. In this condition, When a magnetic ?eld 
of 15 Tesla is then applied, light transfer is observed again. 

Example 8 

Similar effects are observed When a monolayer of Au5 5[P 
(C6H5)3]l2Cl6 molecules (H. Zhang et al., NeW Journal of 
Physics 5, 30 (2003)) is used in place of the Au particles. 
Au55[P(C6H5)3]l2Cl6 includes an Au55 core to Which triph 
enylphosphine groups are bonded so as to form a shell. In this 
case, the diameter of the core is 1.4 nm, and the diameter of 
the shell is 2.1 nm. 

For Aul1(PPh3)8Cl3, the diameter of the core is 0.8102 
nm, and the diameter of the shell is 1.4 nm. 

Example 9 

FIG. 9 shoWs a plan vieW of a near-?eld interaction control 
element in Example 9. As shoWn in FIG. 9, a loWer electrode 
(not shoWn) and a near-?eld optical Waveguide 51 are formed 
on a substrate (not shoWn). The near-?eld optical Waveguide 
51 is formed of a polystyrene (PS) ?lm With a thickness of 50 
nm in Which C6O particles 52 are dispersed. A near-?eld light 
introducing part 17 and a near-?eld light emitting part 18 are 
provided at both ends of the near-?eld optical Waveguide 51. 
An upper electrode is formed on the near-?eld optical 
Waveguide 51. Both loWer electrode and upper electrode 
include a large number of tWo -dimensionally arrayed circular 
electrodes 53 With a diameter of 100 nm. The space betWeen 
the adjacent circular electrodes is 50 nm. When a voltage of 
200V is applied to a part of the near-?eld optical Waveguide 
51 betWeen the loWer electrode and the upper electrode, near 
?eld light transfer is observed. 
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8 
A similar result can also be observed When a nitrophenyl 

ferrocene/polymethylmethacrylate (PMMA) ?lm, a 
CH3COONa/polyvinyl alcohol (PVA) ?lm, or CH3COOK, 
(COONa)2/PVA ?lm is used in place of the C6O/PS ?lm. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in its 
broader aspects is not limited to the speci?c details and rep 
resentative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 

What is claimed is: 
1. A near-?eld interaction control element comprising: 
a near-?eld optical Waveguide containing particles formed 

of a metal, a metal anion or a metal cation With a diam 
eter of 0.5 nm or more and 3 nm or less and a dielectric 

constant of —2.5 or more and —1.5 or less; 

an electron inj ector/discharger injecting or discharging an 
electron into or from the particles contained in the near 
?eld optical Waveguide to vary a dielectric constant of 
the near-?eld optical Waveguide; 

a near-?eld light introducing part introducing near-?eld 
light into the near-?eld optical Waveguide; and 

a near-?eld light emitting part emitting the near-?eld light 
having guided through the near-?eld optical Waveguide. 

2. The element according to claim 1, Wherein the near-?eld 
optical Waveguide comprises an insulating layer in Which the 
particles are dispersed. 

3. The element according to claim 1, Wherein the particles 
are one-dimensionally arrayed. 

4. The element according to claim 1, Wherein the particles 
are tWo-dimensionally arrayed. 

5. The element according to claim 1, Wherein the particles 
are formed of at least one selected from the group consisting 
ofCu,Au, Ag, Fe, Ni, Co, Zn, Cr, W, Ti, Al, In, Ir, Mn, Mo, Bi, 
Pt, Si, Ge, Sn, Pb, diamond, III-V compound semiconductors, 
and II-VI compound semiconductors. 

6. The element according to claim 5, Wherein the III-V 
compound semiconductor is selected from the group consist 
ing of GaAs, AlAs, InAs, GaP, and InSb. 

7. The element according to claim 5, Wherein the II-VI 
compound semiconductor is selected from the group consist 
ing of ZnS, ZnSe, ZnTe, CdS, CdSe, and CdTe. 

8. The element according to claim 1, Wherein the particles 
are formed of gold or silver. 

9. The element according to claim 1, Wherein the electron 
injector/discharger includes a pair of electrodes sandWiching 
the near-?eld optical Waveguide. 

10. The element according to claim 9, Wherein one of the 
electrodes has a sharpened tip. 

11. The element according to claim 1, Wherein the electron 
injector/discharger is provided corresponding to a part of the 
near-?eld optical Waveguide to vary the dielectric constant of 
the part of the near-?eld optical Waveguide. 

12. A near-?eld interaction control element comprising: 
a near-?eld optical Waveguide containing particles formed 

of a substance Which exhibits a phase transition from an 
insulator phase to a metal phase in response to irradia 
tion With light, magnetic ?eld change or temperature 
change, and With a diameter of 0.5 nm or more and 3 nm 
or less and a dielectric constant of —2.5 or more and —1.5 
or less When they are subjected to the phase transition to 
the metal phase; 
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a dielectric constant regulating part con?gured to exert 
irradiation With light, magnetic ?eld change or tempera 
ture change on the particles contained in the near-?eld 
optical Waveguide; 

a near-?eld light introducing part introducing near-?eld 
light into the near-?eld optical Waveguide; and 

a near-?eld light emitting part emitting the near-?eld light 
having guided through the near-?eld optical Waveguide. 

13. The element according to claim 12, Wherein the near 
?eld optical Waveguide comprises an insulating layer in 10 
Which the particles are dispersed. 
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14. The element according to claim 12, Wherein the par 

ticles are one-dimensionally arrayed. 
15. The element according to claim 12, Wherein the par 

ticles are tWo-dimensionally arrayed. 
16. The element according to claim 12, Wherein the sub 

stance forming the particles are selected from the group con 

sisting of [Ni(chxn)2Br]Br2, (EDO-TTF)2PF6, and k-(BETS) 
FeCl . 2 4 


